Background Extraosseous osteosarcoma is rare, and the most appropriate therapy is unclear because there are few studies regarding its treatment. The effectiveness of radiation and chemotherapy remains uncertain owing to conflicting results in previous reports. Questions/purposes To review our experience with contemporary multimodality treatment, we asked: (1) What is the disease-specific survival and local relapse-free survival? (2) Does American Joint Commission on Cancer (AJCC) stage, tumor size, or location relate to disease outcome? (3) Does radiation therapy improve local control or survival? (4) Do doxorubicin and ifosfamide improve local control or survival? Methods Between 1990 and 2012, we treated 40 patients for localized, high-grade extraosseous osteosarcoma. In this retrospective study, we could determine the status of 36 patients (90%) either to death or for a minimum of 24 months of followup; four (10%) were lost to followup before 24 months. There were 11 patients with AJCC Stage IIA and 25 with Stage III disease. All patients underwent wide surgical excision. Of the patients with Stage IIA disease, four received radiation and none received chemotherapy. Of the patients with Stage III disease, six received radiation, seven were treated with chemotherapy, and six received radiation and chemotherapy. During the study period, high-dose doxorubicin and ifosfamide was the preferred chemotherapy regimen for patients younger than 60 years with normal cardiac and renal function. Local relapse-free survival and disease-specific survival were determined by Kaplan-Meier analysis using a prospectively maintained institutional database supplemented by information from the institutional tumor registry. The Cox proportional hazard model was used to determine the effect of various factors on local recurrence and patient survival.
Introduction
Extraosseous osteosarcoma is a rare sarcoma with clinicopathologic features that are distinctively different from conventional osteosarcoma of bone [1, 23] . Some of the differences are that the disease tends to affect older patients rather than adolescents, and the location of the tumor is dispersed widely throughout the body, rather than having a predilection for the distal femur and proximal tibia.
There are some studies pertaining to the treatment of extraosseous osteosarcoma [1, 11, 14, 15, 20, 23, 24] . The prognosis seems to vary among studies, and the optimal treatment strategy has yet to be defined. One possible reason for the disparity in results is that previous analyses tended to include different stages of disease. Although extraosseous osteosarcoma is usually a high-grade tumor, examples of low-grade disease have been described [22] , and inclusion of such patients can be a confounding factor. Furthermore, if a study does not stratify patients on the basis of tumor size, yet another important prognostic factor may be overlooked [3] . However, not all studies have found size to be predictive of outcome [14] .
The role of radiation is not universally agreed on because radiation is not used in the treatment of conventional osteosarcoma of bone. There has been greater emphasis on multimodality treatment that includes radiation and high-dose chemotherapy in addition to surgical resection [11, 14] . However, the numbers of patients in these studies are small, and the effectiveness of multimodality treatment remains in question. Previous studies suggested that extraosseous osteosarcoma was resistant to the chemotherapeutic regimens used, which may relate to using cisplatin-based protocols for conventional osteosarcoma of bone [1, 20] . Some authors have advocated using soft tissue sarcoma strategies such as highdose doxorubicin and ifosfamide to improve the outcomes of patients with extraosseous osteosarcoma [1] .
The purpose of our study is to review our more recent experience with contemporary multimodality treatment that includes doxorubicin and ifosfamide chemotherapy for localized, high-grade extraosseous osteosarcoma. We asked: (1) What are the disease-specific survival and local relapse-free survival for patients with extraosseous osteosarcoma? (2) Does American Joint Commission on Cancer (AJCC) stage, tumor size, or location relate to disease outcome in patients with extraosseous osteosarcoma? (3) Does the use of radiation therapy as an adjuvant improve local control or survival in patients with extraosseous osteosarcoma? (4) Do patients with doxorubicin and ifosfamide regimens have improved local relapse-free survival and disease-specific survival compared with patients treated without high-dose chemotherapy?
Patients and Methods
Between 1990 and 2012, we treated 40 patients for localized, high-grade extraosseous osteosarcoma. In this retrospective study, we could determine the status of 36 patients (90%) either to death or for a minimum of 24 months of followup; four (10%) were lost to followup before 12 months. The criteria for the histologic diagnosis were based on previous descriptions [3, 5] . All patients had high-grade extraosseous osteosarcoma by the classification system of Bane et al. [3] . The pathologic and histologic diagnoses were not independently reviewed again for this study, since the diagnoses were made in all cases by musculoskeletal pathologists (AGA, BAC, MTD, HLE, AJL, JMM, VP, AKR, WLW) at our institution specializing in sarcomas, including the senior author (AGA) of the study by Bane et al. [3] .There were 11 patients with AJCC Stage IIA disease (high-grade tumors, B 5 cm) and 25 patients with AJCC Stage III disease (high-grade tumors,[5 cm) [8] . No patients had Stage IIB disease (intermediate grade tumors,[5 cm) ( Table 1 ). The mean age of the patients was 59 years (range, 12-80 years). The mean and median tumor sizes were 9.0 and 7.5 cm, respectively (range, 1-23 cm). The mean and median followups were 69 and 51 months, respectively (range, 5-231 months). Patients had to have a minimum followup of 24 months, unless they died of disease before 12 months. The study was approved by and performed in accordance with our institutional review board.
All patients underwent surgical resection with 30 margins classified as R0 (complete resection with negative margins) and six as R1 (removal of all macroscopic disease but with microscopically positive margins) [12, 25] . Of the 11 patients with Stage IIA disease, seven were treated with surgery only, and four were treated with surgery and radiation. No patient received chemotherapy in this group (Table 2) . Of the 25 patients with Stage III disease, chemotherapy, radiation, or both were used with surgery ( Table 2) .
For the 16 patients receiving radiation therapy, nine underwent preoperative treatment (mean dose, 50 Gy; range, 44-55 Gy), and seven underwent postoperative treatment (mean dose, 61 Gy; range, 50-68 Gy). During the study period, radiation was considered for tumors near critical structures, such as major nerves and blood vessels, and also for positive margins. Three patients with positive margins received postoperative radiation. There was not a strict criterion on the basis of size for radiation in this disease.
Patients with Stage III disease were divided in two groups on the basis of chemotherapy. Group A consisted of 13 patients who received chemotherapy. During the study period, we generally favored using six cycles of doxorubicin (75 mg/m 2 ) and ifosfamide (10 g/m 2 ) for tumors greater than 5 cm in patients younger than 60 years with normal cardiac and renal function. Patients older than 60 years sometimes were considered for chemotherapy if they had few comorbidities. Of the 13 patients receiving chemotherapy, eight were able to complete at least four cycles of doxorubicin and ifosfamide. The other five had abbreviated courses or were switched to other less toxic regimens because of poor tolerance, including dacarbazine, methotrexate, cisplatin, gemcitabine, and taxotere. The analysis in this study was based on intent to treat so that the 13 patients (Group A) were grouped together regardless of the number of cycles of doxorubicin and ifosfamide. Two patients received methotrexate (10-12 g/m 2 ) and cisplatin (120 mg/m 2 ) in addition to doxorubicin and ifosfamide. Group B consisted of patients who received no chemotherapy (12 patients). All chemotherapy drugs were FDA-approved medications.
We used Kaplan-Meier survival analysis to evaluate local relapse-free survival and disease-specific survival using a prospectively maintained institutional database supplemented by information from the institutional tumor registry and clinic notes from the most recent patient visits. Local relapse-free survival was defined as the time from surgery to local recurrence and disease-specific survival as the time from surgery to death if it was related to the primary disease (extraosseous osteosarcoma). Patients were censored at the last followup if the event did not occur. The log-rank test was used to evaluate differences in survival 
Results

Survival and Local Recurrence
For the entire cohort of 36 patients with high-grade, localized extraosseous osteosarcoma, disease-specific survival was 53% at 5 years (95% CI, 35%-68%; range, 5-232 months; mean, 117 months; median, 62 months) ( Fig. 1) . At last followup, 13 of 36 patients were still alive with a disease-specific survival of 41% at 7 to 23 years (95% CI, 23%-58%) (Fig. 1) . Nineteen patients died of extraosseous osteosarcoma, whereas four died of unrelated causes. Local recurrence developed in 18 of 36 patients. At 5 years local relapse-free survival was 47% (95% CI, 27%-64%; range, 3-232 months; mean, 89 months; median, 59 months) (Fig. 2) . At last followup, local recurrence-free survival was 40% at 6 to 14 years (95% CI, 20%-60%) (Fig 2) . Four patients were treated for multiple local recurrences. All four had Stage III disease. One of the four had an R1 resection of the primary tumor (pelvic site of disease) whereas the others had R0 resection (sites of disease in thigh and knee). Three of the patients died of disease with a mean disease-specific survival of 65 months (range, 47-97 months). 
Radiation Therapy
In a Cox proportional hazard model, radiation was associated with superior local relapse-free survival for all patients (HR = 0.30; 95% CI, 0.11-0.87; p = 0.03) (Table 3) , and for patients with Stage III disease, radiation was the strongest predictor for local relapse (Table 5) . For these patients, local relapse-free survival at 5 years was 57% for patients receiving radiation and 0% for patients not treated with radiation (Fig. 3) . Three of six patients (50%) with positive margins (R1 resection) received postoperative radiation. Surgical margin was also a predictor of local relapse-free survival for patients with Stage III disease (HR = 0.09; 95% CI, 0.14-0.60; p = 0.01) ( Table 5) . In multivariate analysis, radiation was not associated with better disease-specific survival (HR = 0.69; 95% CI, 0.24-1.9; p = 0.48).
Chemotherapy
Because none of the patients with Stage IIA disease were treated with chemotherapy, and yet had superior local relapse-free survival and disease-specific survival, a subset analysis was performed for the 25 patients with Stage III disease to determine whether chemotherapy might have an effect on outcome. Multivariate analysis for local relapsefree survival showed that the strongest predictor was radiation, followed by surgical margin, chemotherapy (Group A vs Group B), and sex (Table 5 ). In multivariate analysis for disease-specific survival of patients with Stage III disease, the final covariate in the model was chemotherapy with doxorubicin and ifosfamide, but this did not reach statistical significance (HR = 0.32; 95% CI, 0.09-1.12; p = 0.08). Consequently, the model did not converge, and none of the factors in our analysis were considered predictors of disease-specific survival for patients with Stage III disease. Our analysis did include the combination of radiation and chemotherapy, which was not found to be an independent covariate for either local relapse-free survival or disease-free survival. In addition, patients who received chemotherapy (Group A) had a mean age of 50 years whereas patients who did not have chemotherapy (Group B) had a mean age of 71 years (Student's t-test, p = 0.01). However, age was not a predictive factor for local recurrence or survival in multivariate analysis.
Discussion
Uncertainty still exists regarding the role of chemotherapy and radiation therapy in the treatment of extraosseous osteosarcoma. Part of the reason for this is that extraosseous osteosarcoma encompasses a wide spectrum of disease. Owing to the rarity of the disease and lack of prospective trials specific to this disease, previous studies have not always separated patients with small (\ 5 cm) tumors and low-grade histologic features from patients with large, high-grade tumors [1, 11, 14, 20] . We found a high rate of local recurrence and poor survival, especially for patients with Stage III disease. The parameters for soft tissue sarcoma staging, including depth and size, were Fig. 3 Radiation therapy was the strongest predictor for local relapse in Stage III disease in multivariate analysis. Kaplan-Meier analysis (univariate) showed that patients receiving radiation had 4-and 5-year local relapse-free survival rates of 57% (95% CI, 33%-100%) for both years while patients not receiving radiation had 4-and 5-year local relapse-free survival rates of 21% (95% CI, 7%-64%) and 0% (95% CI not derivable), respectively (log-rank test, p = 0.01).
predictive factors for local recurrence and disease-specific survival, supporting the notion that extraosseous osteosarcoma behaves like soft tissue sarcomas. Radiation had a positive effect on local control but not disease-specific survival. Chemotherapy in the form of doxorubicin and ifosfamide had a positive effect on local relapse-free survival for patients with Stage III disease, but not on diseasespecific survival. There were several limitations to our study. It was a retrospective analysis of patients treated in various ways. We had low numbers of patients despite this being one of the largest studies reported. The patient population was heterogeneous and various treatments were offered to patients. The criteria for chemotherapy and radiation were not prospectively defined and used during the study period. There was evidence for a degree of selection bias in terms of patients who were selected for chemotherapy. The mean age was significantly older for patients with Stage III disease treated without chemotherapy. This is not surprising since doxorubicin and ifosfamide were not routinely given to patients older than 60 years. However, age alone was not a predictive factor for local recurrence or disease-specific patient survival in our multivariate analysis. Selection bias also may have been present for radiation, and patients perceived to have a worse prognosis may have been selectively targeted for radiation. This potentially would diminish the measured benefit of radiation in local relapsefree survival and disease-specific survival. Loss of followup is an issue, despite there being only four patients (10%) who were excluded on the basis of inadequate followup, because this is a small cohort and loss of even a few patients could be important.
The results of our study confirm the impression that high-grade extraosseous osteosarcoma is an aggressive disease as evidenced by a local relapse-free survival of 47% and a disease-specific survival of 53% at 5 years. Previous authors have commented on the poor prognosis of the disease [14] . Ahmad et al. [1] reported a 46% 5-year disease-specific survival rate in 30 patients, and McCarter et al. [17] reported a 50% 5-year disease-specific survival rate in 15 patients.
Our results support the view that the parameters for current AJCC staging of soft tissue sarcomas, which include size and depth, are relevant to the prognosis of extraosseous osteosarcoma. As our study was limited to high-grade, localized tumors, there were only two stages (IIA and III) to which our patients belonged. The separation between these two stages was size, based on a 5 cm cut-off. Our multivariate analysis validated this separation and showed that the AJCC stage, as defined by the 5 cm cut-off, was the best predictor of local recurrence. For disease-specific survival, depth of tumor, as opposed to stage, proved to be a better predictor of outcome. In our cohort, depth was associated with stage, with most of the superficial tumors being Stage IIA and most of the deep tumors being Stage III (p\0.001). The patients with Stage IIA disease (B 5 cm tumors) had a 5-year disease-specific survival of 76% while the patients with Stage III disease ([ 5 cm) had survival of 43% (p = 0.02). Previous authors have not agreed on whether tumor size is predictive of outcome, and some have stated that size does not matter since small tumors can behave aggressively [14] , whereas others found size to affect prognosis [3] . In the study by Lee et al. [14] , five of seven patients with tumors smaller than 5 cm died of disease. In contrast to their results, Bane et al. [3] reported that all six patients who were alive without disease at last followup had tumors smaller than 5 cm. In our study, we found that small tumors were locally aggressive with a relatively high local recurrence rate (18%) but were less likely to metastasize and cause death. Consideration may be given to selective treatment of tumors smaller than 5 cm with radiation, especially in unfavorable anatomic locations where wide margins are difficult to obtain (such as the popliteal fossa, the hand, and foot) or if margins are compromised. We did not find that location was predictive of local recurrence or patient survival, but there were relatively few cases (seven) in central locations, making it difficult to detect a small effect for this factor. We did find that surgical margin predicted local recurrence for patients with Stage III disease. In our series three of six patients received postoperative radiation owing to a positive margin. It is unclear from this retrospective analysis why the other three patients did not receive radiation. Our results suggest that margin status may need to be considered more carefully regarding the decision for radiation.
In multivariate analysis, radiation treatment was an independent predictor for local relapse-free survival. The poor prognosis for tumors larger than 5 cm justifies close examination of multimodality treatment as a therapeutic strategy. In the past our clinicians thought that radiation therapy might not be useful for extraosseous osteosarcoma because conventional osteosarcoma of bone is relatively radioresistant, and radiation is not a standard part of treatment for conventional osteosarcoma [2] . However, the use of radiation for extraosseous osteosarcoma has been recommended [23] . The positive effect of radiation may be one reason why extraosseous osteosarcoma should be regarded a disease distinct from primary conventional osteosarcoma of bone. Furthermore, the late age of onset and the strong dependence of survival on tumor size also suggest differences between the diseases.
Chemotherapy in the form of high-dose doxorubicin and ifosfamide was found to have a positive effect on local recurrence for patients with Stage III disease in multivariate analysis but not on disease-specific survival. Despite chemotherapy being the last covariate remaining in the multiple regression analysis for disease-specific survival, it was not significant (p = 0.08). The reasons for this may be either that there were not enough patients to show a modest difference or that there was no true effect on disease-specific survival. The fact that doxorubicin and ifosfamide were predictive of local relapse-free survival in patients with Stage III disease is suggestive of its having some efficacy. More work, ideally in the setting of a prospective trial, would be needed to address the question of the exact oncologic benefit of doxorubicin and ifosfamide for this disease. Our results are consistent with the view that extraosseous osteosarcoma should still be considered a relatively chemoresistant disease. Previous studies have suggested that extraosseous osteosarcoma is not especially sensitive to chemotherapy [17, 20] . The study by Ahmad et al. [1] indicated that there were poor radiographic and histologic responses of tumors to doxorubicin-based chemotherapy of various combinations, which in most cases (19 of 27) was given without ifosfamide. In their cohort of 27 patients, 19% had an objective response to treatment; 48% had progressive disease and 33% stable disease during treatment [1] . However, some authors suggest a possible effect of chemotherapy on clinical outcomes [11, 24] . In the study by GoldsteinJackson et al. [11] , 17 patients were treated with conventional osteosarcoma chemotherapy, which included doxorubicin, ifosfamide, cisplatin, and methotrexate. The 3-year overall survival rate was 77%, but five patients had tumors smaller than 5 cm [11] . In the study by Torigoe et al. [24] , 15 patients received different forms of chemotherapy that included various combinations of doxorubicin, ifosfamide, etoposide, cisplatin, methotrexate, and carboplatin. A response rate of 45% and a 5-year overall survival rate of 66% for patients with Stage III disease was reported [24] . In one European trial, adjuvant chemotherapy in the form of cyclophosphamide, vincristine, doxorubicin, and dacarbazine (CYVADIC) reduced local recurrence but not overall survival, similar to our study [4] . One theory regarding how chemotherapy might affect local control is that chemotherapy may affect actively dividing cells at the margins of tumors [19] . Although controversy remains regarding the topic with several articles failing to show an effect on local control [6, 7, 18] , other studies have shown that chemotherapy could benefit patients with sarcoma in terms of better local relapse-free survival and overall survival [9, 10, 13, 21] . The effects could be dependent on the exact agents and dosages. This may explain in part why some older chemotherapy combinations such as CYVADIC (cyclophosphamide, vincristine, doxorubicin, dacarbazine) might have less effect than high-dose doxorubicin and ifosfamide. In addition, these studies pertained to sarcomas in general and not to extraosseous osteosarcoma specifically. The effects of chemotherapy depend in large part on the particular histologic features of the disease [16] .
We found that high-grade extraosseous osteosarcoma is an aggressive disease with a high rate of local and distant relapse, particularly for patients with Stage III disease. Despite the limited number of patients in our study and the heterogeneity of treatments, it appears that extraosseous osteosarcoma behaves differently from osteosarcoma of bone. It shares certain similarities with soft tissue sarcomas, in terms of late age of onset, prognostic factors, and response to radiation. Parameters that are important for AJCC staging of soft tissue tumors, including tumor size and depth, are important predictors of outcome and may be important in treatment decision-making. Patients with tumors 5 cm or smaller have better survival even in the absence of chemotherapy. Patients with high-grade tumors larger than 5 cm have a poor prognosis. Our data suggest that an aggressive combined multimodality therapeutic strategy that includes radiation, chemotherapy, and wide surgical resection may be beneficial for patients with Stage III disease, but larger prospective studies will be necessary to confirm these observations.
